Increased fighting is an effect of desynchronized sleep deprivation (DSD) in rats, and recently this behavior has been suggested to be spontaneous panic and equivalent to panic disorder. In the present study we tested this hypothesis by evaluating the effect of sodium lactate on this aggressiveness, because this substance is recognized to induce spontaneous panic attacks in patients. A total of 186 male albino Wistar rats, 250-350 g, 90-120 days of age, were submitted to DSD (multiple platform method) for 0, 4, or 5 days. At the end of the deprivation period the rats were divided into subgroups respectively injected intraperitoneally with 1.86, 2.98 and 3.72 g/kg of 1 M sodium lactate, or 1.86 and 3.72 g/kg of 2 M sodium lactate. The control animals were submitted to the same procedures but received equivalent injections of sodium chloride. Regardless of DSD time, sleepdeprived animals that received sodium lactate presented a significantly higher mean number of fights (0.13 ± 0.02 fights/min) and a longer mean time spent in confrontation (2.43 ± 0.66 s/min) than the controls (0.01 ± 0.006 fights/min and 0.12 ± 0.07 s/min, respectively; P<0.01, Student t-test). For the sodium lactate group, concentration of the solution and time of deprivation increased the number of fights, with the mean number of fights and mean duration of fighting episodes being greater with the 2.98 g/kg dose using 1 M lactate concentration. These results support the hypothesis that fighting induced by DSD is probably a spontaneous panic manifestation. However, additional investigations are necessary in order to accept this as a promising animal model for studies on panic disorder.
Introduction
The homeotherms sleep is composed of two phases that cycle alternately (1-3): synchronized sleep, divided into 4 stages and characterized by electroencephalographic waves of high voltage and low frequency, and desynchronized sleep, also characterized by low voltage and high frequency waves, similar to the waves observed in the alert phase.
Desynchronized sleep deprivation (DSD), experimentally applied to determine its function, induces many physiological and behavioral alterations that include changes in body temperature (4) , immunological suppression (5), a reduction in psychomotor performance (6) and mnemonic performance (7), hyperphagia (8) , and an increase in sexual activity (9) . In rats, one of the effects of DSD is an increase in fighting behavior (10) which has been recognized as being of a defensive nature (11, 12) . Data from our laboratory (13, 14) suggest that these agonistic behaviors are panic manifestations.
Panic is an explosive reaction characterized by a set of somatic and autonomic responses associated with intense fear. It has been suggested that panic is a phenomenon related to the flight-or-fight behavior (15) , and is manifested when a stimulus, recognized as dangerous, approaches or touches the individual (situational panic). Nevertheless, panic-triggering mechanisms can suffer alterations and promote this behavior without justifiable environmental causes (spontaneous panic). This phenomenon has been described for some non-human animal species in both natural (16) and experimental situations (17) (18) (19) . Frequent recurrence of spontaneous panic attacks in humans characterizes the behavioral abnormality named panic disorder (PD). Since some episodes of fighting induced by DSD occur without the animal being actually threatened (normally conspecifics do not represent a threatening stimulus in groups of rats), they are presumed to be a spontaneous panic manifestation.
In the present study we evaluated the effects of sodium lactate administration on the fighting behavior of rats submitted to DSD in order to test the validity of the hypothesis that they are panic manifestations. Lactate was chosen because it is known, since the classic work of Pitts and McClure (20) , that the infusion of sodium lactate can precipitate panic attacks in patients with PD. These panic attacks are symptomatically similar to those that occur naturally (21) , and the response to lactate is currently considered to be a sensitive and specific marker for PD (22) .
Material and Methods
A total of 186 male albino Wistar rats weighing 250-350 g and aged 90-120 days were used for the study. After a minimum period of 7 days for adaptation to the laboratory conditions, the animals were submitted to DSD for 0 (group DSD-0), 4 (group DSD-4) or 5 (group DSD-5) days. Thirty minutes before the end of the DSD period, a large individual identification symbol was painted on the animals neck or trunk with a black dye for human hair (Henne) routinely used in our laboratory (23) . Sodium lactate or sodium chloride was then injected ip, and the animals were kept in wire-mesh cages (25 x 30 x 25 cm) in groups of 4 animals per experimental treatment. Similar control groups of 5 animals each were also studied. The total number of animals in each subgroup is presented together with the results.
The multiple platform method (23) was used for DSD. Ten rats were placed simultaneously in a plastic box (105 x 55 x 27 cm) containing 15 cylindrical platforms (6 cm in height and 5 cm in diameter) fastened to the bottom of the box 15 cm apart from each other. The box was then filled with water up to 1 cm from the platform top. The animals kept on the platforms were able to sleep; however, when they reached the desynchronized sleep phase, the muscular atonia typical of this phase would cause their nose to touch the water or the animal would fall into the water and be awakened. Natural temperature and light/dark cycle conditions were used. Water and food were provided ad libitum throughout the DSD period.
Buffered sodium lactate solutions were used (CEAQUIM, Botucatu, SP, Brazil). Doses of 1.86, 2.98 and 3.72 g/kg, using a 1-M solution, and doses of 1.86 and 3.72 g/kg using a 2-M solution were tested. Since doses of 2.98 and 3.72 g/kg required a large volume of solution to be injected, they were divided into 2 equal parts and applied with a 30-min interval. Control animals were simi-larly injected with saline. The behavior of the rats was filmed during a period of 60 min after the end of the injections. Later, the number and duration of fighting episodes were quantified, without considering the data acquired during the first 10 min. Fighting behavior was considered to occur when two or more animals faced each other in a vertical position, noses elevated, front paws mutually touching (boxing) or when an animal maintained the opponent immobilized (subjugation) in total or partial decubitus using its forepaws (on the top/on the back).
The quantitative results are presented as percentages or as mean ± SEM number of fighting episodes. The number of fights displayed by each animal was counted using the painted identification mark. When this was not possible, the video record was played back and reviewed as many times as necessary (generally in slow motion) for the identification of the animal involved in the agonistic confrontation. A blind observer computed the fighting parameters. However, he was able to discriminate some lactate-treated groups due to the conspicuous differences displayed by them. The fighting behavior of animals that showed seizures and died during the observation period was not computed. Data were analyzed statistically by the unpaired Student t-test or, when this test could not be used, by the Mann-Whitney Utest. In both cases, the differences were considered significant when P<0.05.
Results
The injection of hypertonic lactate or sodium chloride induced defensive reactions indicating pain. This was characterized by vocalization, loss of natural posture, agitated licking of the abdominal region, and biting of the cage bars or of other animals in different sequences. These manifestations ceased during the first 5 min. The animals that received sodium chloride progressively presented exploratory behavior intermittently interrupted by cleaning behaviors, and subsequently culminating in sleep. Some of the rats stayed awake and eventually confronted or awakened those that slept, and the latter, for the most part, merely looked for a new place to sleep. The animals that received sodium lactate showed similar behavior up to the 30th min, with little grooming behavior, when they initiated locomotor activity that lasted approximately 30 min. Many animals showed a freezing behavior during this period: they would stay apart, yet attentive to a fixed point or to movement in the cage, sometimes supporting themselves on their hind paws, maintaining an arched dorso and the front paws partially extended (freezing). These animals readily responded to another approaching rat or to a visual stimulus, or to external sounds, by rapidly standing in a typical vertical defensive position and vocalizing, inducing a similar response in the animal nearby, and initiating a typical confrontation.
These agonistic behaviors, all characteristic of defense, were portrayed by vertical confrontations (82.8%) or on the top/on the back subjugation (18.2%). Vertical confrontations involved 2 (71.1%), 3 (18.6%) or rarely more animals (0.3%). In some cases, both vertical confrontations and subjugations occurred with one animal jumping on others (one or more).
The rats from the DSD-0 group did not fight. The number of rats that showed fighting behavior was greater in the groups treated with lactate (53.9 ± 13.51%) than in control groups (7.80 ± 5.75%) (P<0.01, Student t-test). The mean number of fights per minute and the mean time spent in confrontations per minute were also significantly greater for the experimental animals (Figures 1 and 2) .
The effect of sodium lactate in increasing fighting behavior induced by DSD was overall more evident for the DSD-5 animals and the most effective concentration was 1 M. The lactate dose that induced the highest mean number of fights with the longest duration was 2.98 g/kg. The highest doses of lactate and sodium chloride (3.72 g/kg of 2-M solutions) induced a behavioral depression, followed by tremors, wild running and spontaneous convulsions in 20 rats, which eventually ended in death.
Discussion
The main results obtained in the present study show that the administration of sodium lactate to rats significantly increases the number and duration of fights induced by sleep deprivation. This result supports the hypothesis that these fights might be manifestations of panic, since lactate administration, as mentioned before, precipitates panic attacks in PD patients. Such interpretation is supported by studies (13) addressing fighting induced by electrical shocks applied to the paws, which is quite similar to that observed in sleep-deprived rats, as well as panic. Ethological analysis to determine how fighting episodes start in DSD rats (13) has shown that the agonistic behavior is displayed only by those that quit self-cleaning and exhibit longer periods of behavioral freezing when removed from the deprivation cage, as seen in the present study. Freezing reactions, characterized by spontaneous movement arrest, hypertonic posture, and tremor, are indicative of extreme anxiety. Their occurrence in fighting DSD rats suggests a relationship between fighting and anxiety disorders. As seen before, an animal in a freezing posture shifts to the upright position in response to watchful stimuli (conspecific approach, acoustic stimuli, etc., although 20% start this behavior with no detectable environmental stimuli (13)), thereby inducing a similar response in nearby animals followed by confrontation. Since no attempts to attack are seen during long-lasting confrontations, this may be interpreted as defensive behavior. Confrontation may also start when a behaviorally frozen DSD animal, startled by a sudden conspecific shriek or other stimuli, triggers an episode of wild running flight. In this case, collision with mates generally induces confrontation simultaneously in two or more animals, often determining the on the top/on the back pattern of fighting, either because time is not enough to complete uprighting or because animals lose their bal- ance. The present classification of this confrontation pattern -which accounts for almost 20% of fighting episodes -as defensive seems to be correct since the characteristic bite threats aimed at the dorsal part of the opponent are absent, as is the characteristic tail rattling exhibited during offensive aggressiveness. The classification by Adams (24) is similar. In our previous study (12) of 139 DSD-induced fighting episodes, 105 proved to be defensive, whereas only three proved to be offensive using the criteria described in the literature (24) (25) (26) . Defensive patterns of fighting in rats may be associated with panic (19, 27, 28) , and hyperdefensive fighting and flights induced in rats by intravenous administration of cocaine have been recently considered to be panic-like manifestations (29) . On the basis of these considerations, it seems possible to interpret DSD-induced fighting as a manifestation of panic.
A parallel study in our laboratory (30) has shown that fighting after DSD is displayed only by rats that respond with wild running flight to intense auditory stimulation in individual test chambers. This wild running flight response has also been shown to be facilitated by DSD and lactate administration, and impaired by imipramine administration. Since this kind of flight is recognized as a manifestation of panic (28, 29) , the fighting behavior of DSD may be considered as the expression of the flight-or-fight response, which in turn is considered to be an expression of panic-related antipredatory defense (15, 27) .
Sleep disturbances in PD sufferers have been reported to be a consequence of anxiety disorders (31) . The hypothesis that sleep deprivation may provoke panic manifestations has been raised, with little emphasis, by Milasius et al. (32) for rabbits and by Labbate et al. (33) for humans, prior to experimental evidence obtained by our group (13, 14) showing a significant reduction of fighting in DSD rats by fluoxetine. In agreement with these data, it has been documented that sleep deprivation increases panic symptoms in PD patients (34) , who show increased partial pressure of CO 2 (35), a condition recognized as being panicogenic (36) .
Although the above considerations sup- (38) . Fighting behavior is elicited in rats by experimental manipulations of the amygdala nuclei (15) and lactate and DSD may exert their facilitating action on these temporal lobe structures that permit a relation between panic and fighting. Determination of the role played by such nuclei in DSD fighting seems to be the next important step for our line of investigation. The possibility that lactate increases panic in sleep-deprived animals appears to have an important adaptive function under natural conditions since panic is an emotional response associated with defensive behavior patterns (15, 27) . The concentration of endogenous lactate -derived from the lactic acid of the anaerobic glycolysis -increases in high energy-demanding situations and fatigue. By triggering panic which enhances the defensive responses of fight or flight, lactate seems to provide the best conditions for the ultimate efforts to preserve life. Of all the numerous hypotheses proposed during the last 30 years for the mechanism of action of lactate (39) , none has proved to be satisfactory (40) . Nevertheless, lactate facilitation, along with the enhanced neural excitability promoted by DSD, can explain the increase in the number and duration of panic fights when panic-sensitive animals are deprived of sleep and given lactate. The occurrence of seizures sometimes followed by death when higher doses are used seems to be a natural sequence of the increasing intensity of panic-inducing stimuli (30) . Such manifestations are not seen clinically because lactate is administered continuously and discontinued when the highest safe dose is reached. Since continuous administration was difficult in the conditions of the present experiment, a fixed dose was given in one or two injections.
As mentioned before, lactate administration induces panic manifestations in PD patients. The lactate-induced increase in fighting in DSD rats raises the question whether this behavioral manifestation in laboratory animals is equivalent to that seen in humans, and, by extension, whether it is possible to use it as an experimental model for PD. DSD-induced fighting fulfills some predictive and face validity criteria (many fighting episodes start without detectable stimuli, fluoxetine reduces fighting, and lactate increases it); however, many neurochemical and neurophysiological parameters need to be investigated in order to establish it as a reliable model of PD. In fact, the platform method used to promote DSD involves stress and fatigue (23) . Panic fighting by DSD rats may be ascribed to stress or to demodulation resulting from excessive fatigue.
Finally, it may be stated that, although further investigation is needed to clarify a number of aspects of DSD-induced fighting, our data seem important because they raise the interesting possibility of evaluating some cases of domestic violence and social aggression as a result of panic attacks, probably precipitated by sleep deprivation and other contingencies.
